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Floods of November 1990 in Western Washington

By Larry L. Hubbard 

ABSTRACT

During November 7-11, a moisture- 
laden warm front created heavy rains and 
melting snows which resulted in 
appreciable flooding in northwestern 
Washington and in the Wenatchee River 
basin that drains the east slopes of the 
Cascade Range. The Skagit Basin on the 
west slope of the Cascade Range was 
affected the most during this storm. After 
this storm, cool, wet weather lasted until 
November 21 and resulted in another 
low-elevation mountain snowpack. A 
second warm, wet front arrived on 
November 21 and lasted through November 
25, resulting in extreme flooding; a larger 
area was affected by this storm. The most 
extensive flooding from these storms 
occurred in the Duwamish, Lake 
Washington, Snohomish, and Wenatchee 
River basins. Record peak flows were 
recorded at 11 gaging stations. At six 
gaging stations, the peak flows are 
estimated to have recurrence intervals of 
about 100 years.

Two lives were lost in the second 
flood (November 23-26, 1990) when 
thousands of people were evacuated from 
their homes to escape floodwaters. Some 
residents of Fir Island, near the mouth of 
the Skagit River, were evacuated from their 
homes during both of the floods. In both 
floods, heavy damages were sustained. The 
floodwaters destroyed homes, roads, 
bridges, levees, farm crops, and livestock. 
Estimated damages were about 42 million 
dollars for the November 9-11 flood, and 
about 100 million dollars for the flood of 
November 23-26.

INTRODUCTION

Above-average precipitation, during 
October and early November 1990, saturated 
soils and created a low-elevation mountain 
snowpack that set the stage for the floods that 
followed. The flooding described in this report 
covered most of western Washington and the 
Chelan and Wenatchee River Basins (pi. 1). The 
Chelan and Wenatchee River Basins drain the 
east slopes of the Cascade Range and are not 
considered part of western Washington. 
Western Washington is defined as all parts of 
the State west of the crest of the Cascade 
Range. The extreme southern portion of 
western Washington experienced relatively 
mild flooding and is not included in this study. 
Major floods in western Washington typically 
occur during the winter months and are usually 
caused by eastward moving storms (from the 
Pacific Ocean) embedded in frontal systems. 
When these winter storms are accompanied by 
warm temperatures and the rain falls on a heavy 
snowpack on the west slopes of the Cascade 
Range, flooding is greatly intensified. Flooding 
on the east slopes of the Cascade Range can 
result directly from these winter storms, spring 
snowpack runoff, or convection storms.

The purpose of this report is to document 
the flooding that occurred in November of 
1990, and to describe the storms, the flooding, 
and the flood damages. A map (pi. 1) showing 
the location of flood measuring sites and 
location of selected precipitation measuring 
stations also is included in this report. Flood 
peak stages and discharges of the affected 
streams and those of previous floods of record 
are tabulated. Total rainfall for November 8-11, 
1990, and November 19-27, 1990 is shown for 
10 sites. Daily precipitation at two weather 
stations and flood discharges for 46 
stream-gaging stations are included.



Three separate major flood events 
occurred in Washington during the 1990 
calendar year. The peak flows of January 1990 
were reported by Hubbard (1991) and are not 
described in this report.

DETERMINATION OF FLOOD 
STAGES AND DISCHARGES

Peak stages and discharges were obtained 
and compiled using standard procedures of 
surface-water investigations used by the USGS. 
The usual method of determining stream 
discharge is the application of a stage-discharge 
relation to a known stage. That relation at a 
station is usually defined by current-meter 
measurements through as much of the range in 
stage as possible. If the peak discharge is above 
the range of the measured discharge, the 
stage-discharge relation may be extended by 
logarithmic extrapolation, by velocity-area 
studies, or by the use of other hydraulic 
techniques. Peak discharges that are far beyond 
the range of the stage-discharge relation at the 
gaging stations may be determined by various 
types of indirect measurements. During major 
floods, such as the November 1990 floods in 
western Washington, adverse conditions often 
make it impossible to obtain current-meter 
measurements near flood peaks at some sites. 
Peak discharges at a few of the sites in flooded 
areas were determined by indirect methods 
based on detailed surveys of selected channel 
reaches after the flood had subsided. 
Descriptions of the indirect measurement 
methods used by the USGS are given in a series 
of publications titled "Techniques of 
Water-Resources Investigations of the United 
States Geological Survey, Book 3."

EXPLANATION OF DATA

Peak stages and discharges for the 
November 1990 floods are listed in table 1. The 
first major division of columns in table 1 under 
"Maximum floods" provides information on 
known floods prior to those of November 1990 
and includes period of record, gage heights, and 
discharges for maximum floods for each 
measurement location. More than one period of 
record is shown for some stations. The second

major division under "Maximum floods" 
includes information on date, gage height, 
discharge, and recurrence interval for the 
November 1990 floods.

The recurrence interval is the average 
interval, in years, in which a flood of a given 
magnitude will be equalled or exceeded once. A 
flood having a recurrence interval of 50 years 
can be expected to occur, on the average, once 
in 50 years, or it can be described as one that 
has a 2-percent chance of being equalled or 
exceeded in any one year. All recurrence 
intervals in the tables were determined using 
guidelines for determining flood frequency as 
shown in a report by the U.S. Water Resources 
Council (1981).

THE STORM SYSTEMS

Above-average precipitation in October 
and early November resulted in saturated soils 
that contributed to the flooding potential when 
the major storms arrived during the periods of 
November 7-11 and 21-25, 1990. The daily 
precipitation record for the National Weather 
Service climatological station at Mud Mountain 
Dam (climatological station number 5) 
illustrates the large quantity of precipitation 
during October and November (fig. 1). The 
above-normal precipitation in western 
Washington during October and November 
1990 is documented by the 1990 annual records 
of the U.S. National Oceanic and Atmospheric 
Administration (1990c). For example, the total 
precipitation for October and November at Mud 
Mountain Dam was 23.42 inches. This 
precipitation was 12.05 inches greater than the 
normal precipitation of 11.36 inches for this 
period (about 200 percent of normal) and was 
similar to the precipitation that occurred at 
other sites in the area. For the same period, 
recorded precipitation at Grays River Hatchery 
(climatological station number 1) was about 
140 percent of normal; and Lake Wenatchee, 
the easternmost climatological station (number 
9), recorded about 250 percent of normal 
precipitation.
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Figure 1. Daily precipitation at Mud Mountain Dam, Washington, October-November 1990.
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Throughout most of western Washington, 
the largest quantities of precipitation fell during 
the second storm period of November 21-25. 
The Skagit River Basin may be an exception. 
The climatological station at Diablo Dam in the 
Skagit River Basin recorded 15.44 inches 
during the second 4-day storm (table 2, site 10), 
but the most intense rain was recorded 
November 10 when 7.32 inches fell in the 
24-hour period at Diablo Dam (fig. 2).

During the period between the major 
storms, wet weather accompanied by cool 
temperatures continued and snow levels 
descended to about the 1,000 feet elevation. By 
November 21, 1990, snow depths in the 
Cascades averaged 6 inches at elevations of 
1,000 to 2,000 feet; 12 inches at 2,000 to 3,000 
feet; and 12 to 18 inches at 3,000 to 4,000 feet. 
The water content of the snow was generally 10 
percent or higher. As a warm front moved 
through western Washington on Wednesday, 
November 21, snow changed to rain and 
temperatures rose. The warm front caused 
melting of snow to elevations of 7,500 feet in 
the northern Cascade Range and to about 5,500 
feet in the Cascade Range at the southern end 
of the state. Over the next 3 days, intense rain 
fell on drainages where rivers were already 
swollen with snowmelt runoff; disastrous

flooding resulted. A cold front that moved in 
from the north on November 26, 1990, lowered 
freezing levels and diminished precipitation, 
finally ending the severe flooding.

THE FLOODS

As a result of the October-November 
1990 storms, the western half of Washington 
experienced two major floods during 
November. The November 9-11 flooding 
affected streams in most of the northern half of 
western Washington on Veteran's Day 
weekend. The November 23-25 (during the 
week of Thanksgiving) floods affected streams 
in most of western Washington. The largest 
peaks ever observed in the Wenatchee River 
drainage on the east slopes of the Cascade 
Range were recorded November 25. With the 
exception of some rivers in the Skagit and 
Nooksack River Basins, most rivers in western 
Washington and the east slope of the Cascade 
Range experienced the most severe flooding 
during November 23-25.

November 9-11 Floods

The November 9-11 flooding was 
prevalent in the northern parts of western 
Washington. Severe flooding occurred in the 
Quinault, Queets, Snohomish, Skagit, and



Table 2. Precipitation totals for period November 7-11 and 21-25, 1990, 
at selected climatological stations in western Washington

Site 

number

1

2

3

4

5

6

7

8

9

10

Station

Grays River Hatchery

Centralia

Clearwater

Rainier Ohanapecosh

Mud Mountain Dam

Toll South Fork Reservoir

Arlington

Stevens Pass

Lake Wenatchee

Diablo Dam

Precipitation, in inches

November 7-1 1

3.12

1.15

6.59

2.59

2.70

6.24

2.41

8.75

3.16

13.25

November 21 -25

8.10

6.06

8.05

4.51

4.96

7.30

4.86

14.40

7.53

15.44

.
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Figure 2. Daily precipitation at Diablo Dam, Washington, October-November 1990.
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Nooksack Basins. The recurrence intervals for 
floods in these basins generally ranged from 10 
to 30 years; The recurrence intervals for peak 
discharges at Skagit River Basin stations 
ranged from 15 to 50 years. On November 10, 
the peak flow for the Nooksack River at 
Deming was 37,900 ft3/s (cubic feet per 
second) [fig. 3].

Major flooding occurred on rivers that 
drain the east and west slopes of the Olympic 
Mountains in the coastal range. Recurrence 
intervals for floods on these rivers ranged from 
5- to 25-year-flood events. The flood peak on 
the Quinault River slightly exceeded the 
November 24 flood event.

November 23-26 Floods

Severe flooding in Washington occurred 
November 23-26 in the Duwamish, Lake 
Washington, Snohomish, and Wenatchee River 
Basins. These floods were generally larger and 
more widespread than those earlier in the 
month, particularly in the Wenatchee River 
Basin (fig. 4). Flood peaks on the Snohomish 
River near Monroe and on three rivers in the

Wenatchee Basin equalled or exceeded the 
100-year-flood event. The flood flow of the 
Wenatchee River at Plain was 1.3 times greater 
than the magnitude of the 100-year flood event. 
The flood peaks recorded November 24 or 25 
were the highest ever observed at the following 
11 gaging stations: Naselle River near Naselle 
(11,300 ft3/s), Willapa River near Willapa 
(11,800 ft3/s), Dungeness River near Sequim 
(7,120 ft3/s), Cedar River at Renton (10,600 
ft3/s), Skykomish River near Gold Bar (102,000 
ft /s) , Snoqualmie River near Snoqualmie 
(78,800 ft3/s), Raging River near Fall City 
(6,220 ft /s), Snoqualmie River near Carnation 
(65,200 ft3/s), Wenatchee River at Plain 
((33,200 ft3/s), Wenatchee River at Peshastin 
(40,000 ft3/s), and the Wenatchee River at 
Monitor (45,900 ft3/s).

THE DAMAGES

No final damage figures were available 
for the November flooding. All damage figures 
shown are based on preliminary estimates as 
presented by the U.S. National Oceanic and 
Atmospheric Administration (1991).
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Figure 3. Discharge of Nooksack River at Deming, Washington, November 3-30, 1990.
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Figure 4. Discharge of Wenatchee River at Plain, Washington, November 3-30, 1990.

November 9-11

Extensive damages occurred as a result of 
the flooding. The Governor of Washington 
declared a state of emergency in Grays Harbor, 
King, Skagit, Snohomish, and Whatcom 
Counties. The flood waters of the Skagit River 
breached levees on Fir Island at the mouth of 
the river; approximately 500 people were 
evacuated and about 170 homes and farms were 
flooded. In Snohomish County, about 200 
people were displaced from their homes. In 
Whatcom County, over 1,000 people on 
Gooseberry point and Lummi Island were 
isolated for a week. Estimated total flood 
damages were about 42 million dollars. Total 
damages to homes in Skagit, Snohomish, and 
Whatcom Counties were 14 million dollars, and 
damage to public works was about 24 million

dollars. Damages to homes in Skagit County 
were about 8 million dollars and in Whatcom 
County about 4 million dollars.

November 23-26

Two lives were lost as a direct result of 
the flooding. Large amounts of resources were 
expended for rescuing and evacuating about 
2,000 residents from flooded areas. Some 
residents of Fir Island on the Skagit River were 
evacuated to escape rising floodwaters for the 
second time in the month of November. 
Thousands of homes were flooded in the 
affected areas; 42 homes were destroyed. Early 
estimates of damages to homes, farm structures, 
farm crops, livestock, roads, dikes, highway 
structures and other utilities were 100 million 
dollars.
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